ABSTRACT. Societies value ecosystems and the services they provide in a number of ways. T hese values can help inform the management of ecosystems such as coral reefs. However, the trade-offs in ecosystem goods and services associated with different social and management conditions are poorly understood. Consequently, we examined values assigned to the goods and services identified across three types of management on the Kenyan coast: (1) a government-imposed no-take area in the Mombasa Marine National Park; (2) co-management of gear between fishing communities and the government's fisheries department; and (3) community-initiated no-take area management, where a community independently initiated and controlled a small closed area. We compared the ecosystem goods and services and the broader total economic value to explore how the history of these sites, their social conditions, and different management choices were associated with these values. The highest total economic values were associated with government management interventions and were probably due to the government's priority to be involved in the high-value beach tourism destinations. This is, however, associated with losses in a range of local community-level values and the social capital of the resource-user community. For example, resource users near the government marine protected area had the lowest value for measures of biological knowledge. Sites displaying greater community-level values were characterized by high social capital, and users had the most confidence in their ability to manage the resource. This study suggests that trade-offs occur in values associated with the interests and responsibilities of the management. The ability to cope with disturbance and change w ill depend on these values and responsibilities, and local communities are less likely to respond when government management and interests are strong.
IN TR O D U C T IO N
The world is facing a natural resource crisis (Acheson 2006) precipitated by natural, climatic, and anthropogenic stressors that are predicted to increase in frequency and intensity (Hughes et al. 2007 , Intergovernmental Panel on Climate Change (IPCC) 2007). A consequence of these pressures is a loss in the provision and value of the goods and services humans derive from natural ecosystems. These losses are often mediated by human motivation to manage for a few of the most profitable services, resulting in a loss in social, cultural, or ecological services. These trade-offs between less profitable cultural or ecosystem services and economic consumable services are likely to be nonlinear. For example, Barbier et al. (2008) found the economic value of shrimp production to peak at an intermediate level of mangrove conversion, suggesting it may be possible to maximizetotal economicvaluewhileminimizing ecological and cultural losses (Steffan-Dewenter et al. 2007 , Hicks et al. 2008 . As ecological functions and social features influence value, and they themselves are influenced by external features, correct identification of trade-offs is dependent on their incorporation into valuation studies. Social capital, for example, can alter whether or not a community is able to fu lly benefit from the goods and services present (Inkeles 2000) . It is clear that to maintain the flow of goods and services, governance institutions need to integrate socioeconomic features with ecological processes to effectively manage biological resources (Ostrom 1990 , Hughes et al. 2005 , Wilson 2006 , Ostrom 2007 ).
Social-ecological systems theory provides a useful perspective for linking social and ecological domains (Andersson et al. 2007 ) but has frequently lacked integration with ecological economics. Ecological economics combines ecology and economics to help explain the effects of, and motivations for, human action on ecosystems (Costanza etal. 1997, Armsworth and Roughgarden 2001) . As such, ecological economics provides a valuable tool to quantify the trade-offs in ecosystem goods and services that societies frequently make in choosing how to manage or exploit resources (Barbier et al. 2008) .
I n th i s paper, we i nteg rate eco I og i ca I econom i es i nto a social-ecological systems perspective to quantify trade-offs in ecological goods and services associated with different social, ecological, and management conditions. As a case study, we use coral reef social-ecological systems in Kenya. Coral reefs provide crucial goods and services to some of the poorest, most densely populated, and growing human societies (Hughes et al. 2007 ), but are among the ecosystems most sensitive to disturbances (Bellwood et al. 2004 ). In response, various management measures have been developed to conserve and sustainably manage these ecosystems (McClanahan 2006) . Comparison of social-ecological systems among such management scenarios provides an opportunity to assess trade-offs in ecosystem goods and services and the role social features play. We took advantage of three types of management systems associated with Kenyan coral reef fisheries to address the following research question: "How do differing management systems and social conditions contribute to differing values for ecological goods and services, and are trade-offs apparent?" To answer this question, we: (i) conducted a total economic valuation (TEV) ofthe coral reef fisheries associated with nine fish landingsites; (ii) identified the goods and services that were driving the economic values; (iii) examined relationships between eight key socioeconomic conditions and the ecosystem goods and services; and (iv) examined the detailed trends in sites and values in the absence of the dominant values.
M E TH O D S Historical Context
The East African coastline has had considerable research into the effectiveness of varying management advances on tropical fisheries (McClanahan and Mangi 2001 , McClanahan 2007 , Wells et al. 2007 , McClanahan et al. 2008 , sociocultural institutions governing resources (McClanahan et al. 1997 ), ecology (McClanahan et al. 2007 , and perceptions of managers and resource users (McClanahan et al. 2005a) . Kenyan fisheries are typical ofthe multi-gear, multi-species coral reef fisheries of many developing countries in the tropics, restricted by economic constraints. As a result, fishing is generally conducted from the shore to the outer reef in sand, coral, and seagrass habitats of the fringing reef lagoon (McClanahan and Mangi 2001) .
Traditional conservation in Kenya is based on the belief that species and areas house spirits whose placation was crucial for the well being of society (McClanahan et al. 1997) . A religious synchronism developed through the merging of the traditional animist spiritual beliefs and Islamic beliefs ca. 1700 A.D., resulting in the offering of sacrifices to appease the spirits (sadaka) (Glaesel 2000) . Cultural traditions also consisted of controls on time, area, gear, and access to the fisheries (McClanahan et al. 1997) . However, the colonial and post-colonial era drives for economic development and reduced local ethnic authority resulted in an open-access approach to fisheries management that was supported by national government policies and institutions. Around the same time, the economic stimulus provided by the growing tourism industry led the national government to establish an area-based park management system independent of the fisheries laws and regulations (McClanahan et al. 2005b ).
Differences in the views of resource use between local and national government cultures resulted in conflicts, reorganization of resource use, and the subsequent loss of local ethnic traditions and controls (McClanahan 2007) . More recently, in recognizing that fisheries resources are limited and overexploited, the government has taken advantage of naturally occurring differences in gear use patterns and perceptions to legislate a number or gear restrictions (Kenya Gazette Notice No. 7565, McClanahan 2007) . This history and the conflict http://www.ecologyandsociety.org/vol14/iss1/art10/ between traditional management, government management, and management for tourism has produced a reorganization around the need for restrictions. Varying levels of success in management measures have resulted in different management structures of different ages in effect in different areas (McClanahan et al. 2008) .
Study Sites
To test for effects of management structure on the economic value and social characteristics of communities, we examined nine fish landing sites, representative of the three prominent management systems along an approximately 150-km stretch of the southern Kenyan coastline. These were:
1. National Marine Protected Area (government managed). The Mombasa Marine National Park has been successfully enforced since 1991 (McClanahan et al. 2005b) . Conflicts arising over the loss of fishing grounds after the closure were resolved through discussions that resulted in park border and gear use changes (McClanahan and Mangi 2000) . Three landing sites adjacent to the park boundaries (<1 km) were studied and included Kenyatta beach, Marina, and Mtwapa ( Fig. 1 ). 
Co-management of gear (co-managed

Data Collection
We randomly selected eight respondents, representative ofthe age range and gear use at each site, using non-probability sampling techniques, including convenience and snowball sampling (Henry 1990 ). This sample size, which represented between 12% and 40% ofthe fishers at each landing site, was determined by running an a priori power analysis on reported catch, bequest, and option value responses (Quinn and Keough 2002) .
Social Characteristics
We examined eight social characteristics thought to influence the ability of communities to collectively organize and manage their resources. These were: the number of fishers, age, migration status, occupational multiplicity, involvement in community organizations, followed up with involvement in decision making (Cinner 2005) , and the presence of traditional sadaka ceremonies (Appendix 1). Involvement in community organizations, involvement in decision making, and the presence of traditional sadaka ceremonies are thought to characterize connectedness, relationships of trust, and rules and norms, all indicators of social capital (Pretty and Smith 2004) . We established these characteristics using individual fisher surveys conducted at landing sites.
We calculated five indicators of resource exploitation: catch per unit effort (CPUE), gear dominance, fish price, fishing pressure, and fishery dominance (Appendix 1). et al. 2008) . (2) We divided the average daily fisher number by the area of fishing ground available to come up with a fishing effort per hectare of fishing ground. Fishery dominance is an index used to describe the extent to which areas of the fishery are exploited. We established which fisheries the respondents targeted from fisher surveys. The fisheries that represented catch composition and habitat were lagoon demersal, back reef demersal, back reef pelagic, octopus and shells, sea cucumber, and lobster. A fishery dominance index is calculated representing the proportion of fishers targeting these groups using Simpson's dominance index (Appendix 1). A ll analyses were conducted atthesite level within each treatment.
supplied (Hein et al. 2006) . When the beneficiaries of the goods and services lived within the communities being studied, the values were termed community values and included fishery, cultural, biological control, habitat and refuge, option, existence, and bequest (Appendix 1). Where the individuals lived outside the local area, the values were termed macroeconomic values, and included research, aesthetic, and recreation (Appendix 1).
Direct-Use Values
We calculated a "recreation service" value with a zonal travel cost method (TCM) (Freeman 2003 , Bateman et al. 2004 ) (Appendix 1) using visitor numbers to the areas. Visitor numbers by their country of origin were collected from the main hotels in the co-managed and government-managed areas for all of 2005. No hotels exist in the community-managed area, and athough a few guest homes do exist, the numbers of visitors recorded were insufficient to calculate a consumer surplus using the TCM. The co-managed and governmentmanaged visitor numbers were standardized by the country populations and countries' GDP in US dollarsatthe purchasing power parity (PPP) (Eq. 1).
Economic Valuations
Conventional economic valuation studies focus on the economic importance of services with the more intrinsic aspects of value neglected. Certain values, including cultural value, which is associated with folklore, painting, and tradition, have an intrinsic value distinguishable from the economic importance of revitalized and commercialized cultural heritage (Holden 2004) . There is an important distinction between these two forms of values and, although it is d ifficu lt to separate them, there is a need to incorporate both in economic assessments of value. We grouped our economic goods and services into three broad categories: (1) direct use, comprising fishery, cultural, research, aesthetic, and recreation values; (2) indirect use, comprising biological control, habitat/refuge, waste regulation, and coastal protection values; and (3) non-use values, comprising bequest, option, and existence values (Spurgeon 1992, Moberg and Folke 1999) to incorporate both the economic importance of services with the more intrinsic aspects of value. Goods and services were further classified based on the scale at which they were
PxGDP V * = number of visitors standardized, P = population of country of origin, GDP= gross domestic product of country of origin $PPP.
Linear relationships exist between the standardized visitor numbers and the costs of travel (co-managed, F-, i 6 = 20.4, P < 0.05, i2 = 0.58; governmentmanaged, Fi io F = 15.7, P< 0.05, r 2 = 0.64). These relationships were then used to calculate a consumer surplus, which attempted to compensate for income, based on the travel cost method (Bateman et al. 2004 , Freeman 2003 . The calculated consumer surplus for each coastal region was divided equally bythefish landingsites in the regions then byfishing area available to each, returning a standardized annual recreation service value per hectare.
We calculated an "aesthetic service" value using a
Ecology and Society 14(1): 10 http://www.ecologyandsociety.org/vol14/iss1/art10/ hedonic price method (HPM) (Appendix 1), where 47 sale and estimate values for plots of land across the nine sites were collected from the M inistry of Lands. As the price of beach plots was considerably higher than non-beach plots, the assumption was made that the demand for beach plots came from outside the local area and as such is independent of proximity to a major town. The method used assumes that land price indirectly reflects the value of the aesthetic characteristics of the site (Turner et al. 1994 , Brouwer 2000 .
We calculated a "research service" value from the annual research budgets obtained from NGOs working in the regions. Research spending by NGOs does not distinguish between landing sites but refers to projects along a stretch of coast line. Therefore, the annual budget assigned to each area (corresponding to three adjacent landing sites in each area) was split equally among the fish landing sites and divided by the fishing area available to each, returning a standardized annual research service value per hectare (Appendix 1).
We calculated a "fishery goods" value using the respondents' catch and an ex-vessel price. The respondents' average day's catch was calculated at the site-specific ex-vessel (or the price fishers get for their catch) value. Values were multiplied by the number of days fishing in ayeartogivean individual annual fishery value. The mean individual fishery value for a site was multiplied by the total number of fishers at that site and divided by the area available to fish, giving a standardized annual fishery value per hectare.
To obtain a "cultural" value, respondents were asked to assign a rank of one to five to existence, option, biological control, bequest, and culture, five for the most important and one the least. Existence, option, biological control, and bequest all received independent valuations, which were used to establ ish the value for culture. Culture was assigned the value midway between the values of the goods or services one above and one below culture in rank (Eq. 2). In three cases out of 72, culture was ranked fifth; in these instances, the value for culture was two times that ofthe fourth in rank (Eq. 3). (1997) calculated service values for all coral reefs as value per hectare. This meant our sites did not differ in these values, so although these services contributed to the total econom ic value they were removed from further analysis as they did not contribute to differences across sites. These values were not categorized as demand curves were not constructed.
"Habitat/refuge" and "biological control" values were calculated using a combination of value transfer method and a posed hypothetical scenario. The values established were based on the levels of awareness in the community ofthe functions these services provided. The respondents answer a hypothetical scenario translated to a function awareness index ranging between 0 and 1. The mean awareness index for a site was scaled using the biological control and habitat/refuge services values calculated by Costanza et al. (1997) and adjusted for inflation using 2005 inflation rates. The mean biological control and habitat/nursery values for a site were multiplied by the total number of fishers at that site and divided by the area available to fish, giving standardized annual values per hectare. http://www.ecologyandsociety.org/vol14/iss1/art10/
Non-Use Values
Non-use values can only be measured using a contingent valuation (CV) method (Turner et al. 1994 ) as a result the values are d ifficu lt to confirm. It is possible, however, to validate a CV methodology. We calculated a "fishery goods" value using CV as a second method. A CV willingness to accept compensation for foregoing fishing was used to establish a stated fishery value for each respondent. The individual CV fishery value was scaled up to a year and the relationship between the fishery value obtained from the market value and the contingent valuation were examined using Pearson's correlation analysis after testing the two variables for normality. The two methods were found to be significantly correlated (Pearson's correlation r = 0.43, P = 0.004), validating the contingent valuation technique to be used in further valuations.
"Option," "bequest," and "existence" values were calculated using contingent valuation methodologies (CVM) (Appendix 1, Fig. A2 ) with a discrete choice format to establish the respondents' stated welfare measures for these goods and services (Bateman et al. 2004 ).
An "option" value was established through a willingness to incur extra travel costs to relieve fishing pressure and ensure sustained fisheries productivity to maintain the option for continued use within the community. A "bequest" value was established from a willingness to forego fishing and receive training in a new industry in order to leave fishing entirely and preserve the existing fish stocks for future generations. The respondent's willingness to incur extra time and effort, or forego fishing, scaled up to a year, was converted to a monetary value using their average catch rate at the sitespecific market value. The average catch rate was established from their stated good, bad, and average days' catch, their corresponding hours fishing, and traps laid out and days spent fishing.
An "existence value" was established from a willingness to accept compensation for the destruction of the coral reef within their fishing grounds when continued fishing had been secured elsewhere. The mean individual option, bequest, and existence values for a site were multiplied by the total number of fishers at that site and divided by the area available to fish, giving standardized annual values per hectare. As a suitable vehicle for payment was not found for existence value, the result was that some respondents refused to value existence. Due to the inherent difficulties in valuing existence, there were difficulties in valuing it, and the figures were treated with caution. Consequently, existence is included in the TEV, but removed from further analysis because it was viewed as a potential source of error in examining differences across sites.
Data Analysis
To 
RESULTS
National Marine Protected Area sites (government managed) and co-management of gear sites (co managed) had a TEV and direct-use value three
Ecology and Society 14(1): 10 http://www.ecologyandsociety.org/vol14/iss1/art10/ orders of magnitude greater than community-based closure (community managed) sites (H2 71 = 48.6, P < 0.005, H27i = 45.8, P< 0.005, respectively) (Fig.  2a,b , Table 1 ). Non-use values, which were a factor of four smaller than the TEV were valued highest in the community-managed (ca. $1774 h a 1 y r 1) and lowest in the government-managed ($821 ha1 y r 1) (F2 7i = 5.97, P < 0.005) sites (Fig. 2d, Table 1 ). Indirect-use values were highest in co-managed sites and lowest in government-managed sites (F271 = 3.01, P = 0.056) (Fig. 1c, Table 1 ).
The co-managed and government-managed sites were distinct from the community-managed sites, and Chale differed among the co-managed sites. High recreation and aesthetic values drove the co managed and government-managed sites, and these sites were characterized by high CPUE, dominance of a specific fishery target, older fishers, and higher levels of migrant fishers (Fig. 3) . Chale under co management does not group together spatial ly with the other co-managed sites. Although it is still distinct, it lies closer to the community-managed sites, is driven by high fishery values, and is characterized by greater fishing pressures and occupational multiplicity. The community-managed sites were driven by high option, bequest, cultural, biological control, research, and to a lesser extent habitat/refuge values. These sites were characterized by a high retention of religious rituals, involvement in decisions, low levels of migrant fishers, and low CPUE (Fig. 3) . Althoughthemacroeconomicvalues were driving the trends, Marina under government management reflects the dominant use of one gear; Mwanyaza and Mgwani under co-management maintained traditional religious rituals and high levels of the biological control and habitat/refuge values (Tables 1 and 2 ).
The macroeconomic values (recreation, aesthetics, and research) were responsible for the close clustering of sites by area (Figs. 2, 3) . Recreation represented the majority of the TEV of the co managed and government-managed sites (99.7% and 99.3%, respectively). Aesthetic value was greater in the co-managed and governmentmanaged sites but represented the largest contribution ofthe TEV in the community-managed sites (49.3%), followed by research (38.7%) ( Table  1) . W ith the dominant values removed, the remaining community-level values are still responsible for the differences across management areas, separating the community-managed sites and Chale of the co-managed from the rest of the co managed and government-managed sites (Fig. 4.) . Sites under community management and Chale were characterized by high cultural, option, and bequest values whereas co-managed and governmentmanaged sites had low community values (Fig. 4) .
DISCUSSION
This study analyzed economic and intrinsic values to assess the trade-offs associated with management choices and relate these to the social conditions at each site. A trade-off between community and global-market values was most evident. Community values are composed of economic and intrinsic value aspects, which are associated with high levels of social capital. In contrast, global-market values are predominantly composed of economic value aspects and are associated with national-level management.
The greatest distinction was between sites that had some form of government intervention (either government managed and co-managed) and those that did not. The government-managed and co managed sites had equally high TEVs, suggesting that tourism development can have an equally high value with or withouta marine park. In addition, the sites with government management had the lowest levels of a wide range of community-level values, including biological control. Given that our study is a snapshot in time, it is difficult to ascertain causation, which would require a similar study through periods of change.
The high TEV in the government-managed and co managed sites were associated with large recreation and aesthetic consumer surpluses. It is likely that where these substantial consumer surpluses exist, such as along the best beaches, associated economic developments have occurred, and this is expected to attract government involvement in management. In most cases, marine protected areas have been established after considerable pressure on the government from the tourism sector (Alidina 2005). However, both recreation and aesthetic values are derived from the global market and are dependent on foreign demand curves that can leave the economy vulnerable to outside influences. These markets are also associated with the detrimental effects of unregulated tourism expansions, leaving communities to cope with increasing pressures on waste and sanitation services, the dilution of indigenous cultures, and the growth of prostitution and associated behavior (Brown et al. 1997 ).
The main drivers of the TEV in the communitymanaged sites are aesthetic and research values.
Although these values are also likely to be driven by global markets, these sites also possess a wide range of indirect and non-use values that originate within the local communities (community values). In addition to high community values, these sites have maintained their traditional practices and have a larger proportion of their fishers considering themselves involved in decisions-both considered indicators of social capital (Pretty and Smith 2004) . However, low CPUE values and low levels of migration may suggest a lack of confidence in the resources in thesesites (Pollnacand Crawford 2000 , Cinner 2005 ). The youngest fishers, who may be receiving fam ily subsidies, come from these sites. This situation may have arisen because the beaches in these sites do not provide the same potential for large-scale beach tourism and casual work that our government-managed and co-managed sites provide.
Option and bequest community-level values, also higher under community management, represent the willingness to pay to maintain the provision of ecosystem services, for themselves and others in the community now (option) and for future generations (bequest) (Spurgeon 2006) . Consequently, where these values are high, it suggests that individuals are likely to value the sustained provision of ecosystem services at a community level. As ecosystem services represent common-pool resources, it is likely that a certain level of trust exists within the community that individuals do not act to maximize their individual benefit but in the best interest ofthe community as a whole (Ostrom 1990 ). The high levels of these values in the sites under community management as well as higher levels of our measured indicators of social capital (presence of traditional ceremonies, involvement in community organizations, and involvement in decisions), suggest lower transaction costs, creating a greater probability of coordinated actions that are needed for conservation efforts (Dietz et al. 2003) . These sites do appear to be displaying such coordinated action, developing management practices in the face of low fishery yields. Whether this is a result of the high community values in these sites or the high community values are a result of community coordination is unclear, but they are associated with each other.
The lowest levels of community values, including biological control and habitat and refuge, exist in the government-managed sites. The biological control and habitat values are established from the respondents' levels of awareness of the functions that these services provide and their view of the importance. The assumption being that a community unaware of what constitutes a healthy functioning ecosystem w ill be unlikely to value it and unlikely to know what constitutes destructive behavior (Armsworth and Roughgarden 2001) . It may be that economic development at these sites reduces these values to fishers and not government management, which is more likely responding to tourism development. However, the dependence on global markets reflects local-level vulnerability and a reliance on national and international institutions.
Management mechanisms available to avert overexploitation of a multi-species fishery include limiting the spatial extent of fishing and prohibiting (Berkes and Turner 2006) . In the absence of effective government management, compensation by local-level institutions is necessary to develop sustainable-use practices.
According to the depletion crisis model, conservation knowledge is developed as people discover their limits through exceeding them, which in turn develops new knowledge that may ultimately enable sustainable resource extraction or conservation (Berkes et al. 2000 , Johannes 2002 ). Disturbance and change, therefore, provide opportunities for triggering new observations, learning, and the development of new socialecological feedbacks (Folke 2006) . The low CPUE values ofthe community-managed sites, combined with high fishing pressures may be an example of this response. W ithin these sites, members of the community came together with the wealthier owners of beachfront properties to create an http://www.ecologyandsociety.org/vol14/iss1/art10/ organization spanning a number of landing sites. This organization asked for advice from external conservation agencies on fisheries management options. The organization endeavored to combine different forms of knowledge: traditional, scientific, and business, in an attempt to develop a new form of sustainable and equitable resource management. A closed area was created partly in the hope of attracting tourism and to reverse resource depletion. In contrast, in the government-managed and co managed sites, it was the external agencies that responded to the declining catch rates to negotiate area and gear management arrangements (McClanahan 2007) .
Conventional economic valuations are routinely incorporated into management assessments. These approaches are amenable as they provide accepted methods that yield tangible and quantifiable results based on the value of the goods to the receiver. Goods and services containing intrinsic or donor value are more challenging to value and as a result are often undervalued, ifvalued atall (Odum 1996) . Consequently, trade-offs should occur between consumable goods and services and intrinsic values, as the first is a recipient and the second a donor value. As perceptions change with education, advocacy, and culture, so too do the values a community holds for their ecosystem services (Costanza 2003) . Such social conditioning would be expected to affect aspects of social capital, which in turn affect a community's ability to sustainably manage their natural resources (Ostrom 1990) . Ecosystem services are vital to continued ecosystems functioning and as such are often referred to as supporting services (Hein et al. 2006) . We have shown that intrinsic values are closely related to aspects of social capital, and together they constitute a vital social-ecological feedback mechanism that enables communities to collectively respond to resource changes. In the absence of government control, these values are expected to enable the sustainable use and conservation of natural resources. By integrating ecosystem service valuations with assessments of social capital, it should be possible to manage for a larger range of ecosystem services rather than maximizing a few with the highest recipient value.
CO N CLUSIO N
Top-down management for specific ecosystem services can be effective in conserving biodiversity and increasing yields. However, trade-offs manifested in increases in more economically desirable services and decreases in less tangible intrinsic values may increase the vulnerability of social-ecological systems. This vulnerability is associated with a lower likelihood of developing mechanisms, for example through a depletion crisis model scenario, to learn and recover from disturbances such as environmental shocks and fluctuations in global markets. The consequences of these trade-offs may not be apparent until management fails or the system reaches an irreversible threshold. If the values necessary to coordinate action are lacking and there is inability to facilitate learning, the system may fail to recover. A wide range of ecosystem services and values are more likely to enable resilient and sustainable systems (Elmqvist et al. 2003) .
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